Introduction
Ossification of the ligamentum flavum (OLF) has been recognized as a cause of spinal cord compression. Most of the OLF remains asymptomatic and any vertebral segments can be involved [1] . However, identifying this pathology is important as its clinical implication, when symptomatic, may need urgent surgical intervention. Clinicians as well as radiologists should be aware of this entity which should not be overlooked. The epidemiology and etiology of OLF remains obscure. OLF has been reported exclusively in the Far East, mostly in Japan [2] ; there are scattered case reports among Caucasians [3] , people of African descent [4] , Arabs [5] , Chinese [6] and in French Antilles [7] . The reported studies on the prevalence of OLF are limited by their sample size, region of the spine imaged and the method of diagnosis. The examination of the whole spine using T 2 -weighted sagittal magnetic resonance imaging (MRI) scan is the sequence of choice for screening the longitudinal extent of OLF [8] .
In this prospective study, we conducted MRI surveillance of the whole spine among Arab patients in Kuwait.
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Subjects and Methods

Participants
A consecutive series of patients evaluated for low back pain from the outpatient clinic of Mubarak Al-Kabeer Hospital in Hawalli district (population 698,753) in Kuwait (population 3,328,136) were invited to participate in the study in the year 2010. All 102 participants were of Arab nationalities from the Middle East. MRI scanning of the whole spine was used to evaluate these patients. Patients with previous spinal surgery, inflammatory arthritis, patients with contraindication to MRI and those who declined to participate (n = 16) were excluded from the study. The study was approved by the Committee for the Protection of Human Subjects in Research in Health Science Centre, Kuwait University.
Radiological Examination
MRI scanning of the entire spine in at least 2 sequences (T 1 and T 2 ) was performed in 102 patients (males: 57, females: 45) in Mubarak Al-Kabeer Hospital using a 1.5-tesla MRI system (General Electric Medical System, Milwaukee, Wisc., USA). Sagittal T 1 -weighted and T 2 -weighted fast spin-echo sequences (TR, 3,325 ms; TE, 85 ms; slice thickness, 5 mm) were used to image the whole spine. All the MRIs were read blindly by two experienced radiologists (D.K., M.S.) separately and differences were settled by consensus. All the scans were evaluated for the presence of OLF and the posterior longitudinal ligament (OPLL). OLF was defined as low signal intensity thickening of the ligament in both T 1 and T 2 sequences on the posterior margin of the spinal canal, causing indentation of the theca with or without cord compression ( fig. 1 a,  b) . A complementary CT scan of the region was performed to confirm ossification ( fig. 1 c) . OLF, if present, was further classified by the pattern of involvement as the isolated type: lesions involving lamina; the continuous type: continuous lesion along 2 or more lamina, and the noncontinuous type: isolated or continuous at intervals as previously described [6] . Patients with OLF were analyzed for tandem ossification of OPLL. 
Analysis
The data were analyzed using the Statistical Package for Social Sciences version 17.0. Categorical variables were compared by 2 test and mean values of continuous variables were compared by independent samples t test. A value of p ! 0.05 was considered to be statistically significant.
Results
The average age of the 102 patients was 53.2 years (range 34-75). The demographic features of the patients (age, gender, coexisting conditions) as well as associated symptoms and MRI findings are shown in tables 1 and 2 , respectively.
Of the 102 patients, 19 (18.6%) were identified to have OLF (11 males and 8 females). Of the 19 patients with OLF, 12 (63.2%) had OLF at a single level, whereas 7 (36.8%) showed OLF at multiple levels. A total of 26 OLF segments were identified to be affected in the following anatomical distribution: in the cervical region: 15 (57.7%); upper thoracic: 1 (3.8%); mid thoracic (T5-T8): 4 (15.4%); lower thoracic (T9-T12): 4 (15.4%), and lumbar region: 2 (7.7%), as shown in figure 2 . Of the 19 cases, only 2 (10.5%) had symptoms concordant with the level of OLF and both had cervical OLF along with tandem OPLL and presented with symptoms of cervical radiculopathy.
Discussion
OLF, also known as ossification of the yellow ligament, is considered to be a recognized cause of myeloradiculopathy since it was first reported by Polgar [1] in 1920. The epidemiological data on OLF is limited, but from the available literature a wide regional as well as racial variation of OLF was reported. Regarding the gender ratio, except for 3 studies which showed a higher rate of OLF in female patients [5, 9] , most studies have shown a male preponderance [10] [11] [12] . In our study there was no significant gender difference.
The prevalence of OLF in our study was 18.6% and the cervical spine was the most common site (57.7%) followed by the thoracic region (34.6%). The disease appears to be endemic in Japan from where most of the studies are reported with prevalence ranging from 4.5 to 8.6% based on analysis of plain radiographs [9, 13, 14] . All these stud- ies were large studies with 1,058-2,403 subjects and the prevalence was lower than our findings, as the plain X-ray is expected to have less sensitivity. This lack of sensitivity is due to the fact that the radiopaque shadow representing OLF can be obscured by superimposed bony structures [15] unlike CT/MRI scans which by virtue of cross-sectional imaging can eliminate superimposed structures and clearly identify the areas of ossification [16, 17] . The frequency of 18.6% OLF of this study using MRI was lower than the 26% of the study in the USA [13] and 35.5% in Saudi Arabia [15] using CT. However, a study from China using MRI of the whole spine reported a prevalence of only 3.8% [6] . The differences in these studies could be explained as follows. MRI has the distinct advantage of imaging the whole spine in the sagittal plane and therefore can assess the spine for multiple-level lesions [8] . The T 2 -weighted sagittal MRI image is the sequence of choice for screening the longitudinal extent of OLF, evaluating potential spinal cord involvement and identifying multiple level lesion [15] . On MRI the flavum ligament in the diseased state (hypertrophied, ossified or calcified) is shown as a low signal intensity lesion in the posterior aspect of the spinal canal on T 1 , T 2 , and proton density-weighted MR images [18] . OLF is recognized by the presence of a triangular or hemispheric area of low signal intensity at the level of the posterior margin of the canal [11, 13, 14, [18] [19] [20] . Because the ligamentum flavum is thinnest in the midline, OLF is usually more evident in parasagittal MRI images [6] . Our study revealed that 37% had OLF at multiple levels, 33% of which were of noncontinuous type.
OLF can coexist with OPLL which then aggravates radiculopathy as well as myelopathy [3, 9, 21, 22] . Guo et al. [23] conducted a systematic review and observed that the most common pattern of tandem ossification was OLF of the thoracic spine with cervical OPLL. Based on the analysis of the published data, the authors classified findings into concurrent, nonconcurrent, and mixed types, based on the pattern of whether OPLL and OFL were at the same levels. In our study the 5% coexistence of OLF and OPLL (concurrent) were cervical OPLL with cervical OLF conforming with type 1 according to the classification of Guo et al. [23] . No association between coexisting conditions and the presence of OLF or OPLL was found in our study group. This was not unexpected as OLF is usually asymptomatic especially when lesions are small as was observed in our study where the majority of patients with OLF were incidentally noted at sites remote from their symptoms. The 2 patients that were symptomatic in our study presented with cervical radiculopathy and were found to have OLF and OPLL in the cervical region with severe encroachment on both the dorsal and the ventral epidural space. It may be noted that it is the noncontinuous type of OLF that is prone to be missed and this can have serious consequences. There have been reports of thoracic paraplegia developing after lumbar decompressive surgery due to stenosis and spinal cord compression from missed OLF in the thoracic spine [4] . A third of our subjects had OLF at multiple levels, with a third of these being of the noncontinuous type. Hence we recommend that surveillance of the whole spine should be done prior to any surgical intervention.
Conclusion
The frequency of OLF appears to be high among the hospital-based cohort of the Arab population. OLF should be kept in mind if the patient presents with radiculopathy, particularly in the cervical region, for which surgical intervention is contemplated. 
